X-linked lissencephaly, absent corpus callosum, and epilepsy of neonatal onset with ambiguous genitalia comprises the XLAG syndrome and only 15 cases have been reported in literature. Due to its rarity, the exact clinical course and outcome are not known. Exact associations of this disease are also elusive. Hereby we are reporting this extremely rare entity and we searched the English literature extensively to get consolidated knowledge regarding this entity that would help the readers. Pre-natal radiological work-up can detect these malformations, which should be followed by medical termination, counseling and karyotyping. Till date the longest survival noted was 4 years only.
INTRODUCTION
The syndrome of X-linked lissencephaly, absent corpus callosum, epilepsy of neonatal onset with ambiguous genitalia (XLAG syndrome) was first described by Dobyns et al. in 1999 , who reported a lissencephaly with a posteriorto-anterior gradient, i.e. a posterior agyria and anterior pachygyria (1) . This rare genetic disease occurs due to mutation of the ARX homeobox gene (Xp 22.13 ). This gene is situated around the ventricles, neocortex, hippocampus and can also be seen in the pancreas and testes (2) . Lissencephaly in this syndrome results from abnormal neuronal migration (3) . Small, dysplastic basal ganglia with ventricular cysts have been described in association with this syndrome (4) . Till date only 15 cases have been reported in published English literature (1, (4) (5) (6) (7) (8) (9) (10) . Herein we report one such extremely rare case we encountered during autopsy.
CASE REPORT
A preterm neonate, appropriate for date, was born by spontaneous vaginal delivery to a 20-year-old primigravida mother at 35+3 weeks of gestation. No history of consanguineous marriage was present. The baby did not cry after birth and was born limp and blue with APGAR Score 5 and 8 at 1 minute and 5 minutes, respectively. The birth weight of the neonate was 1882 grams and occipitofrontal circumference (OFC) was 32cm. On examination, the baby had ambiguous genitalia with non-palpable testes in the external genitalia. The baby had a first episode of convulsion within half an hour of birth with facial twitching requiring phenobarbitone followed by multiple episodes of convulsions. USG brain on day 1 showed absent corpus callosum with the underdeveloped gyri at the cortical surface (lissencephaly). Chest X-ray showed bilateral clear lungs. X-ray abdomen showed dilated bowel loops. The baby had recurrent episodes of apnoea from 36 hours, requiring initiation of nasal Intermittent Mandatory Ventilation (IMV). The blood pressure, blood glucose level, sodium and calcium levels were within normal limits. Congenital adrenal hyperplasia was ruled out on the basis of the result of biochemical examination. On the third day, the baby had multiple episodes of apnoea requiring bag and mask ventilation with the development of metabolic acidosis. The baby died on the fourth day of life due to respiratory failure and central nervous system malformation. A complete autopsy was performed. The blood sample was also sent for karyotyping but this could not be accomplished due to cell degeneration.
Autopsy Findings
Externally, ambiguous genitalia ( Figure 1A ) and low set ears were noticeable. Ambiguous genitalia in the index case was diagnosed as evidenced by the presence of microphallus, hypospadias, bifid scrotum and bilaterally impalpable gonads. No other external congenital malformation was seen. The testes were located intra-abdominally ( Figure 1B ). The corpus callosum was completely absent ( Figure 1C ). All other organs in thoracic and intra-abdominal cavity were in their normal anatomical position. Cortical thickness was increased (8-9 mm) ( Figure 1D ). Testes were confirmed histologically (Figure 2A,B) . All other organs were histologically appropriate for the developmental age.
Ambiguous Genitalia Associated with an Extremely
No ovary was identified microscopically. A final diagnosis of X-linked lissencephaly, absent corpus callosum with ambiguous genitalia (XLAG syndrome) was therefore offered.
DISCUSSION
Gestational ultrasound and MRI are often diagnostic for the XLAG syndrome. The MRI findings are agyria with an increased thickness of the cerebral cortex, with three abnormal layers, including gray and white matters (6-7 mm) and complete agenesis of the corpus callosum. In comparison to the XLAG syndrome (cortex consists of three layers), in X-linked isolated lissencephaly sequence (XLIS) the cortex consists of four layers and the white matter is thinned out. MRI brain of asymptomatic mothers of affected babies may demonstrate partial or complete absence of corpus callosum (5).
In our case, the corpus callosum was completely absent and the cerebral cortex was abnormally thick (8-9 mm) with partial loss of sulci in both the anterior and posterior cortex. There were also ambiguous genitalia, low set ears, patent ductus arteriosus, foramen ovale and intra-abdominal testes. Testes were confirmed histologically. A few authors have described hypothalamic dysfunction with deficient control of body temperature (1,5), but body temperature control was normal in our patient and no hypothalamic dysfunction was noted (Table I) . Absent corpus callosum In the index case, the baby had episodes of multifocal clonic seizure with facial twitching which started within half an hour of birth and increased in intensity gradually. Overall prognosis in XLAG syndrome is poor with a maximum reported survival of 4 years (Table I ). Though the sample was sent for karyotyping, satisfactory test results could not be obtained due to poor quality of the sample. However, the clinical and autopsy findings were enough to help us reach a diagnosis.
Figure 2: A) Seminiferous tubules (arrow) with Sertoli cells (H&E; x40). B) Epididymis (arrow) was also identified (H&E; x100).
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Antenatal history of mother revealed absent folic acid intake in our case. The association of absent folic acid intake in the mother and occurrence of this syndrome has not been previously reported. There is therefore a need for further investigation to know whether there is any relationship between absent folic acid intake and the occurrence of this disorder with developmental malformation of central nervous system.
In conclusion, the XLAG syndrome is an extremely rare congenital malformation of male newborns with ambiguous genitalia and loss of corpus callosum with hypothalamic dysfunction. This needs to be identified during prenatal radiological work up as the longest reported survival is only 4 years after birth. Proper counseling of the couple with karyotyping and genetic tests is imperative to decide upon future pregnancy.
